Peroxovanadium compounds. A new class of potent phosphotyrosine phosphatase inhibitors which are insulin mimetics.
Twelve peroxovanadium (pV) compounds, each containing an oxo ligand, one or two peroxo anions, and an ancillary ligand in the inner coordination sphere of V, were synthesized, crystallized, and characterized by 51V NMR as > 95% pure. These compounds activated the insulin receptor kinase (IRK) of cultured hepatoma cells, stimulated lipogenesis in adipocytes, and inhibited the in situ dephosphorylation of autophosphorylated IRs and epidermal growth factor receptors of rat liver endosomes. The phosphotyrosine phosphatase inhibitory and IRK activating potencies of these compounds were linearly correlated (r = 0.74; p < 0.003), decayed in parallel in solution, and varied considerably with the ancillary ligands within these compounds. In vivo administration activated rat liver IRK in parallel with its tyrosine phosphorylation. Co-administration of insulin plus pV was markedly synergistic in both respects. pV administration significantly decreased circulating insulin and plasma glucose concentrations; the latter to levels seen after a dose of insulin yielding > or = 50% occupancy of IRs in vivo. Two compounds (mpV(pic) and mpV(2,6-pdc)) displayed relative specificity as phosphotyrosine phosphatase inhibitors by inhibiting IR dephosphorylation to a significantly greater degree than epidermal growth factor receptor dephosphorylation. Thus, pV compounds are the most potent phosphotyrosine phosphatase inhibitors described to date. Their capacity to activate IRK appears to derive from their phosphotyrosine phosphatase inhibitory activity. Their hypoglycemic action is due to a direct tissue effect.